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Statistical analysis of large data sets is commonly performed on 
computers using one of many available programs. Most of these programs 
have been written for computers with internal storage large enough to 
handle n~arly any data set. Recently, however, there has been a trend 
to computers with more limited storage capabiliti~s. New programs must 
be written or old programs adapted so that large data sets may also 
be analyzed on these smaller machines. 
This report describes a program to analyze data from a balanced 
experiment of crossed and/or nested design. It was written for the 
Data General Nova minicomputer of the Applied Statistics Department 
at Utah State University. It is a 16 bit machine with 32 K bytes of 
internal storage, a line printer, keyboard, CRT display, one fixed disk, 
and one removable disk unit. It is also equipped with two floppy disk 
units, although they are not used in executing this program. The Nova 
is connected by cable to a larger computer, a Burroughs 6700. 
The program is called FCTCVRNVA. It is an adaptation of USU 
Statpac's FCTCVR written by Rex Hurst [2]. It performs analysis of 
variance, covariance, and multivariate analysis for an experiment with 
up to eight factors for balanced data sets only. The program is 
written in FORTRAN IV. 
Different Methods of Analysis 
Hartly [l] gives a computer algorithm for calculating analysis of 
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variance for balanced factorial experiments. His method, though general 
enough to be applied to many designs, requires a great amount of storage. 
It involves calculating sums of squares for each factor and all inter-
actions, then pooling certain of these components according to the 
specific design. 
Another general method which could be used for balanced factorial 
experiments is the least squares method by reduction due to regression. 
Large factorial type experiments can easily exceed the capabilities of 
these programs. 
The method used in FCTCVR and in FCTCVRNVA involves calculating 
only the sums of squares and products needed. A single set of totals 
is computed for each pass through the data. The set of totals is used 
to compute a single sum of squares and products term. The data never 
totally resides in main memory. Certain of these sums of squares and 
products are pooled to form the corrected sums for the anal y sis of 
variance and co v ariance. With this more efficient use of core storage, 
a very large data set can be analyzed on a fairly small machine. The 
main restriction is the number of variables which the program can 
handle, which is twenty-five. 
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NOTES ON THE PROGRAM 
Methodology 
The program uses the standard analysis of variance and covariance 
techniques found in most statistical methods textbooks. The multi-
variate analysis procedure follows that outlined by Rao [5] using 
Wilke's Delta Criterion which is based on the generalized likelihood 
ratio principle . 
The general procedure is as follows: 
After defining the number of factors, levels per factor and the 
number of variables, the user enters the data b y keyboard or identi-
fies the file on which th~ data is stored. This data is written to 
a file called FDAT.DA. Overall totals for the variables are calcu-
lated and written to the file FTOT.DA. Ov erall averages are printed, 
and the overall sums of squares and correction terms are calculated 
and written to the file FUSS.DA. Similarl y , ov erall sums of squares 
and products are written in matr i x form to FMAT.DA if covariance or 
multivariate analysis is to be performed . 
The user is then required to input the particular uncorrected sums 
of squares desired. This is done by entering a series of l's and O's, 
one digit for each factor of the experiment. This binary series 
has a O in the ith place if the ith factor is to be summed over in 
obtaining totals for calculating the sums of squaies and products, and 
a 1 if the ith factor is not to be summed over. For each of these 
binary series the computer will form corresponding totals from the 
data, write these totals to FTOT.DA, optionally write the averages 
from these totals to the printer, and collect the uncorrected sums 
of squares (and products) writing these to FUSS.DA (and FMAT.DA 
in the case of covariance or multivariate analysis). 
The user must then enter the necessary information to cal-
culate the corrected sums of squares for the analysis of variance. 
This is done by spelling out the linear combinations of uncorrected 
sums of squares which will form the corrected sums. The specified 
uncorrected sums are accessed in FUSS.DA and added or subtracted, 
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as defined in the linear combination. The degrees of freedom are 
calculated in the same manner. The user-input descriptions of the 
corrected sums and the calculated degrees of freedom and sums are 
stored in the file FANOVA.DA. When all the requested sums have been 
calculated FANOVA.DA is rewound, read, and the analysis of variance 
is printed. 
At this point, if no covariance or multivariate analysis is 
requested, execution of the program is completed. However, if this 
is not the case, the unocrrected matrices from FMAT.DA are printed, 
and corrected matrices of sums and products are calculated in a manner 
similar to that of calculating the corrected sums described above. 
The user must give a positive or negative identifying line number 
(negative indicates an error matrix, positive indicates a treatment-
plus-error matrix) and give the linear combination of the uncorrected 
matrices to be used. The specified uncorrected matrices are read from 
FMAT.DA, after which the corrected matrices and degrees of freedom 
are calculated. These are written, along with the line number and 
degrees of freedom, toFCORMA.DA. 
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Analysis of covariance and multivariate analysis is performed on 
a variety of models using some or all of the variables. The user 
selects the independent and dependent variables to be used. The 
corrected matrices from FCORMA.DA are read and processed one by one. 
First, the sums are extracted according to the variables selected for 
the model. This new matrix is of the form 
x'x x'y 
x'y y'y 
depending on the variables used. 
If there are only dependent variables in the model, covariance 
is not performed. Multivariate procedures are applied by calculating 
the error degrees of freedom and the determinant of the y'y portion 
of the error matrix, and likewise for the treatment plus error matrix. 
A multivariate F ratio and degrees of freedom are calculated using 
the formulas summarized in Table 1. This is done for each treatment 
plus error matrix. 
If there are independent as well as dependent variables in the 
model, covariance procedures are begun. Necessary calculations on 
the error matrix include finding the inverse of x'x, the regression 
coefficients, the sum of squares due to regression, and the sum of 
squares for error. Necessary calculations using the treatment plus 
error matrices involve finding the inverse of x'x, the regression 
coefficients, and the adjusted sum of squares due to treatment. Table 
2 summarizes the calculations made for covariance. Multivariate analysis, 
TABLE 1 
FORMULAS FOR MULTIVARIATE Al~ALYSIS 
W = ERROR matrix 
W + B =TREATMENT+ ERROR matrix 
D = W/W + B 
q = treatment degrees of freedom 
p = number of Y's 
N = number of observations 
t = n - 1 
m = t - (p + q + 1)/2 




((p2q2 _ 4)/(p2+q2 _ 5))1/2 
pg/2 




FORMULAS FOR COVARIANCE 
·r( I )-1 I J bERR = ·x x x y ERR 
b _ [( I )-1 I ] TRT+ERR - xx x y TRT+ERR 
SS = [b'x'y] 
reg ERR 
55dev = [y'y - b'x'y]ERR 
SSTrt(adj) [y'y - b'x'y]TRT+ERR - [y'y - b'x'y]ERR 
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when requested, is performed using the error and treatment plus error 
determinants of y'y adjusted for covariance. ((y'y)adj = y'y - (x'y)' 
-1 
(x'x) (x'y)). The adjusted treatment means and estimated variances 
of the means are calculated and printed for the treatments requested 
by the user. The formulas used to perform these calculations appear 
in Table 3. In the subroutines which perform covariance and multi-
variate analysis, two matrices A and Bare used to store needed quan-
tities . The interrelationships between these two matrices are fairly 
complex and are described in Appendix B. 
At this point, analysis is performed on another model i f the 
user desires. Otherwise, the files are deleted, execution halts, and 
the analysis has been completed. 
Overlays 
Core st orage on- the Nova is not lar ge enough to accomodate the en-
tire program. The Nova is not equipped with an automatic virtual 
memory s ystem; howev er, a user-made virtual memory system was set up 
using overla ys. Overlays are portions of programs containing one or 
more subroutines which may be written on top of other such portions 
in core when needed for execution. 
When the program is loaded for execution, the main program is 
brought into core. At that time, two overlay areas are reserved, each 
being large enough to accomodate the largest overlay which will be 
placed in it. When the main program executes, it calls subroutines which 
are located in the various overlays. When so referenced, an overlay is 
TABLE 3 
FORMULAS FOR ADJUSTED MEANS AND VARIANCES FOR TREATMENT m
( ' (• -+ Ym adj) = Ym - b ERP Xm - x .. ) 
xlm Xl 
x2m x2 






1 -+ -+ I I -+ -+ 
n + (Xm - X . . ) (x x)ERR (Xm - X .. ) m 
m 
where 
2 y'y - b'x'yERR 
s = e E(n
1 
- 1) - k 
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brought into its reserved space in core for execution. Likewise, 
before a subroutine can call another subroutine which is not currently 
residing in core, it must first load its overlay into the second 
overlay area. This program uses onl y two overlay areas. However, 
up to 128 areas may be designated and each area may have up to 256 
overlays assigned to it. In this manner a program of almost unlimited 
length may be executed. 
This program contains a main program and eleven overlays in two 
overlay areas. Each ov erlay contains one subroutine. Table 4 lists 
the overlays and the subroutines contained in them. Figure 2 shows 
the structure of the save file when loaded into core for execution. 
Subroutine Structure 
The program c onsists of a main routine and various subroutines. 
The main program is a short routine which has se v eral functions, the 
major ones be i ng listed below: 
1. Create and open files 
2. Load overlays into overlay area at the appropriate time 
3 . Call subroutines 
4. Delete files before execution ends 
Each subroutine, called either from the main routine or from 
another subroutine, has specific functions to perform. The subroutine 
structure was determined with two concerns in mind: to keep the 
program structure relatively modular and at the same time to preserve 
available space in core as much as possible. 
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TABLE 4 
FILE AND OVERLAY CONTENTS 
File Overlay contained Subroutine contained 
FCTCV1U'1VA none ( root program) 
FCTCONE FCAA RDAA 
FCTCTWO FCAB AlAB 
FCTCTHREE FCBB BlAA 
FCTCFOUR FCCC ClAA 
FCTCFIVE FCDD DlAA 
FCTCSIX FCEE ElAA 
FCTCSEVEN FCFF SELECT 
FCTCEIGHT FCGG DDET 
FCTCNINE FCHH ERRMAT 
FCTCTEN FCII MULTI 




Overlay area 1 FCCC 
FCDD 
FCEE 







FORTRAN LIBRARY FUNCTIONS 
Figure 1. Save file structure 
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Flow charts of subroutine calls from the main routine and from 
subroutine EIAA are exhibited in Figures 2a and 2b. Brief descriptions 
of the basic functions of the subroutines are given in Table 5. 
Changes from FCTCVR 
In addition to structuring the program using overlays and storing 
treatment totals and disk, rather than internally in an array, the 
following important changes were made in FCTCVRNVA from FCTCVR. 
1. Extensive documentation is included in the program with 
variable definitions, header comments for each sub-
routine and step comments throughout. 
2. Interactive mode, rather than batch, is used to communi-
cate with the user. 
3. Treatment means adjusted for covariance and their esti-
mated variances are optionally calculated and printed, 
a feature not existing on FCTCVR. 
4. Several safeguards against user-input errors have been 
built into the program. The user is required to re-enter 
the information when the following errors occur: a) the 
user has not entered the correct number of factors, . (repli-
cations within the lowest treatment combination must also 
be counted as a factor). To detect this error the com-
puter compares the user-declared number of observations 
with that calculated from the number of factors and 
factor levels. b) The user enters digits other than 
0 or 1 in the binary series defining uncorrected sums 
14 
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FUNCTIONS OF THE VARIOUS SUBROUTINES 
Obtain control information from the user. Read in data from 
keyboard or disk, write data to disk. 
Set up format, according to number of factors, for printing 
treatment averages lines. Print overall averages, write 
overall totals, total sums of squares and correction terms 
to disk. 
Obtain definition of uncorrected sums of squares and products 
needed from the user. For each sum requested, collect totals 
from the appropriate treatment combinations, optionally print 
averages based on these totals, and collect sums of squares 
and products. Write totals and sums to disk. 
Print uncorrected sums of squares. Calculate corrected sums 
of squares for the analysis of variance and perform the 
analysis of variance on each variable. 
Calculate and print corrected sums of squares and products 
matrices. Write matrices to disk. 
Perform analysis of covariance and multivariate analysis on 
any number of models which the user requests. When appropriate, 
call subroutines 7,8,9,10 and 11. 
Read the corrected matrices calculated in SubS from disk, 
selecting terms from this matri x according to variables in 
model. 





Perform covariance calculations on the error matri x . 
Perform multivariate anal ysis. 
Calculate and print adjusted means and variances. 
Complete the inverse of a symmetric matrix. Compute regression 
coefficients 
of squares and products needed. c) The user specifies 
non-existent uncorrected sums to be used in calculating 
corrected sums and/or matrices. 
5. The calculations to obtain the uncorrected sums of 
squares and products are performed only on the number 
of factors which exist in the current data set. FCTCVR, 
on the other hand, analyzes each data set as if it had 
8 factors, thus, in many cases, wasting time on null 
loops. Subroutine BlAA handles these calculations and 
can be referred to for details. 
~ 
File~ Used in the Program 
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There are eight disk files used in the program. Each file must 
have a channel dedicated to it. In addition to the eight files, 
channels 10, 11, and 12 are reserved for the CRT, keyboard, and 
lineprinter respectively. Table 6 gives a description of the files 
and channel numbers assigned to them. 
Obtaining a Program Listing 
A listing of the program may be obtained from the Department of 
Applied Statistics at Utah State Universit y . 
Channel File name Kind 
16 (user specifies) Sequential 
21 FTOT.DA Random 
22 FUSS.DA Random 
23 FDAT.DA Sequential 
24 FMAT.DA Random 
25 FCTCVRNVA.OL Contiguous 
26 FANOVA.DA Sequential 
27 FCORMA.DA Sequential 
NV number of variables 
NF= number of factors 
TABLE 6 
FILES USED IN PROGRAM 
Size of record Purpose 
(variable) Data optionally input from this file 
8*NV+2+2*NF Stores treatment totals and identification 
8*NV Stores uncorrected sums of squares 
4*NV Stores original data 
8*(NV*(NV+L))/2 Stores uncorrec ·ted matrices for COV/MVA 
Overlay file 
8*NV+8 Stores analysis of variance 
4+8*(NV*(NV+l))/2 Stores corrected matrices 
....... 
00 
USER Is GUIDE 
Introduction 
The program FCTCVRNVA can be used to calculate the analysis of 
variance with or without covariance and/or multivariate analysis 
for balanced factorial experiments. It is extremely flexible and 
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can be used for a great variety of designs, with up to eight factors 
and 25 variables. Replications are counted as a factor. The program 
was written for use on the Data General Nova minicomputer at Utah 
State University. 
This guide will give the directions for planning and execution 
of FCTCVRNVA on the Nova. 
Planning 
Using the program will be easier if proper planning is done prior 
to execution. The user should set up the desired analysis of variance 
in symbolic form, with the degrees of freedom determined by the par-
ticular design. Once the degrees of freedom have been specified, the 
uncorrected and corrected sums of squares can easily be written. 
Perhaps the method can best be explained by an example. Suppose 
we wish to analyze data form a two-way factorial in a complete block 
design. Let r = number of blocks, a= number of levels of factor A, 
and b = number of levels of factor B. The analysis of variance will 
be: 
20 
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Note that the degrees of freedom are all linear combinations of 
products of the various factor levels. Each term in one of these 
expressions corresponds to an uncorrected sum of squares which can 
be written in dot notation. Let us assume that an observation is 
denoted by Y .. k' where i identifies the block, j identifies the level 
1.J 
of A, and k identifies the level of B. Then, for example, the un-
corrected sum of squares corresponding to the term "r" in the degrees 
of freedom for Reps is the single summation LY
2
. /ab. The second 
1. •• 
and third subscripts are dotted, and the divisor is "ab" since "a" 
and "b" are of the second and third factors, and they do not appear 
in the term "r." We also write the sum corresponding to "ab" as 
2 
HY .k/r. Here again, the first subscript is dotted and "r" appears 
·J 
in the denominator since "r" does not appear in the term "ab. 11 The 
2 
term 11 11' corresponds to Y /rab since none of "r", "a" or "b" 
appear in the term. The other sums are similarly derived. 
FCTCVRNVA will assign a line number to each of the uncorrected 
sum of squares. This line number will later be used to identify 
2 The total sum of squares IIIY . 'k will auto-
lJ 
the sum contained. 
matically be calculated and placed in line 1. Line 2 will also 
2 automatically be filled with the overall correction term Y /rab. 
Lines 3, 4, ... will be assigned to further uncorrected sums in 
the order in which the user requests them. (No more than 80 lines 
may be used.) Circled above each uncorrected sum of squares in 
our example analysis of variance is its line number. 
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Lines 3 through 80 are user-defined to the computer by entering 
a binary series of O's and l's. AO is in the ith place of the 
series if the ith subscript of the sum is dotted. Otherwise, the 
ith digit is 1. 
(0,1,0). 
2 Thus, the series which identifies IIY . Ira is 
·J. 
The uncorrected sum of squares are combined in the same manner 
as the degrees of freedom from which they were obtained. This forms 
the corrected sums of squares for the analysis of variance. In 
FCTCVRNVA the user defines the formation of these sums by entering 
the line numbers involved, with positive or negative signs, depending 
on whether they are to be added or subtracted. For example, the 
corrected sum for TOTAL is formed by (line 1-line 2). Likewise, 
the corr 'ec ted sum for A x B is defined by (line 6 - line 4 -
line 5 + line 2). If covariance of multivariate analysis is to 
be performed, the computer will collect an uncorrected matrix of 
sums and products along with each uncorrected sum of squares. These 
matrices are also referenced by the line numbers discussed above. 
For covariance and multivariate analysis, the user must define 
the necessary error and treatment-plus-error matrices. Referring 
back to our example, suppose we have more than one variable so that 
we wish to perform either covariance or multivariate analysis or 
both. We need to form the following matrices: 
ERROR 
A+ ERROR 
B + ERROR 
Ax B + ERROR 
The ERROR matrix is formed by the same linear combination as 
the ERROR corrected sum of squares in the analysis of variance. 
Each treatment-plus-error matri x is formed by adding the treatment 
and the error matrices together. For example, the A+ ERROR matrix 
is defined by the following linear combination of lines: 
A+ ERROR= (line 4 line 2) + (line 1 - line 3 - line 6 
+ line 2) = line 4 + line 1 - line 3 - line 6 
If there is more than one error line in ·the analysis of 
variance (for example, in a split plot desfgn), each treatment-
plus-error matrix must be formed by combining the treatment matri x 
with its appropriate error matrix. 
In our example, the following series identify the uncorrected 
sums needed: 






The analysis of variance is then obtained by the following 
combination of line numbers: 




B 5 ,-2 
AB 6,-4,-5,2 
Error 1,-3,-6, 2 
The analysis of covariance is specified by defining the 
following matrices: 
Source Line Numbers and Weights 
Error l,+l, 3 ,~l, 6,-1, 2,+l 
A+Error 1, +l, 3 ,-1, 6,-1, 4,+l 
B+Error l,+l, 3,-1, 6,-1, 5,+l 
AB+Error l,+l, 3,-1, 2,+2, 4,-1, 5,-1 
Using the Nova and Input 
Logging on and off 
Here is a series of steps to power up, log onto the system, 
and enter the directory which contains FCTCVRNVA. 
1. Power up the CRT by pulling the knob on the front of 
the CRT. 
2. Power up the line printer with toggle switch on the 
stand under the printer. 
3. Turn key lock on computer console to ON. 
23 
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4. Turn OFF-ON toggle switch to ON. 
5. Turn LOAD switch to READY and wait for the ready light 
to come on (approximately one minute). 
6. Set binary switches to 100033 octal. 
7. Lift RESET switch. 
8. Lift PRLOAD switch. 
9. FILENAME? appears on CRT. Press CR (CR= carriage return) . · 
10. DATE (M/D/Y)? appears on CRT. Enter date. 
11. TIME (H:M:S)? appears on CRT. Enter the time or simply 
press CR to start at time zero. 
12. R appears on the CRT. R is the prompter for the COMMAND 
LINE INTERPRETER which is the program which is now running. 
When Rison the screen the machine is awaiting a command. 
13. Type INIT DP~F 
DIR LADONNA 
This will initialize the director y containing the Fortran 
librar y functions, and will put you into the directory 
which contains FCTCVRNVA. 
At the end of use, the command to log off the Nova is RELEASE 
DP¢. MASTER DEVICE RELEASED now appears on the screen. The LOAD 
switch should be turned back to LOAD, and the CRT, printer, ON-OFF 
toggle switch, and key lock should be turned off. 
Program execution 
After entering the direc _tory LADONNA, the command to execute 
the program is "FCTCVRNVA," followed by a carriage return. If, at 
any time during execution of the program, the user wishes toter-
minate the program, he can do so by typing a Control A (depressing 
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the CNTRL and A buttoms simultaneously). If, after doing so, the 
user wishes to stop the printer, the command to type is "SPKILL $LPT," 
Prior to-program execution, the user may want to create a data 
file from the Nova or from an existing file on the Burroughs. The 
reader is referred to the section entitled "Data Entry" for in-
structions. 
Control information 
At the beginning of program execution the user will be required 
to give the following information. 
1. Number of variables. This is the total number of X's 
and Y's. 
2. Number of factors and levels per factor. Replications 
must be counted as a factor. Thus, an experiment with 
factors A and Band with replications within each 
combination of A and B would have 3 factors, and the 
number of levels for the third factor would be the 
number of replications. 
3. Number of observations. This information is needed 
so the computer can detect a possible error in enter-
ing the number of factors and factor levels. It is 
predominantly done to guard against the error of not 
counting replications within treatments as a factor. 
Data entry 
Entering data from the Nova. Data can be entered at the 
Nova keyboard during program executio .n. For small data sets 
this may be acceptable; however, no editing capability exists 
within the program FCTCVRNVA, and the data is removed from memory 
at the conclusion of program execution. If this method is chosen 
for data input, it is entered in free-format, i.e. with commas or 
carriage returns separating the numbers. A carriage return must 
follow the final variable on each experimental unit. 
The most desirable method for entering data not punched on 
cards is to create a file in the Nova prior to program execution, 
remembering to delete the file when it is no longer needed. 
Following are the steps needed to create this file after entering 
the directory. 
1. Type CREATE (filename). 
2. Type EDIT (filename). You are now in the EDIT program 
which uses an asterisk as a prompter. All commands in 
the EDIT program are terminated by hitting the escape 
($) twice. 
3. Enter the data by typing first an I, followed by the 
data. A carriage return must follow observations on 
each experimental unit. After data has been entered, 
type a double escape($$). The Text Editor manual 
gives complete information for editing the file. 
Appendix B of this report gives some of the commands 
which may be desired for data editing. 
4. Type UEH$$. This will put the data into the output 




The command to delete the file after use is "DELETE (filename)." 
Entering data from the Burroughs 6700. Data may be transferred 
from a data file existing on the Burroughs. If the data has been 
keypunched to cards, this is the easiest method of data input. To 
create a file of data on the Burroughs, the following card setup 
should be used: 
l USER Account #/Password 
2 RUN UTILITY/CANDELOAD 
2 DISK FILE=(filename) 
2 DATA ex 
(data cards) 
2 END JOB 
In order to load a file from the B6700 into the Nova, the user 
must first log onto the Nova and enter desired directory, as pre-
viously described. The program NOVOP must now be executed. The 
dialog for NOVOP use is as follows (underlined portions are Nova or 
B6700 responses). 
NOVOP 
CR (Carriage Return) 
USERCODE/PASSWORD 
E *UTILITY/NOVA 
INPUT FILE NAME (as stored on B6700) 
XYZ (assuming the file loaded onto the B6700 is titled XYZ) 
ENTER FILE NAME, UP TO 12 CHARACTERS 




BYE (log off B67OO) 
(CONTROL) C (terminate Novop) 
Note: Be sure the cable interfacing the Nova to the B67OO is 
connected. 
A file named ABC.DA now exists on the Nova and can be used as the data 
input file during execution of FCTCVRNVA. 
Data ordering. When entering the data, whether it be during pro-
gram execution or prior to execution to a data file, it is essential 
that the data be sorted first. The data must be entered in order of 
factor NF within factor NF-1 ... within factor 1 (NF=number of fac-
tors). For example, for a three factor experiment with factor levels 
of 2,4, and 3, data must be entered in order of factor 3 within factor 







Y121 , ... Y243 . Note that the right most subscript varies most rapidly. 
It is the user's responsibility to see that the data is in sequence 
and that there are no missing observations. 
If the data is on the Burroughs, the Burroughs program FILEWORKER 
(3) can be used to sort the data if needed. After logging onto the 
Burroughs from the Nova and before executing Utility/Nova, the command 
E*STATPAC/FILEWORKER should be typed. When this program asks for an 
instruction code, the user can type "TEACH" which will give instructions 
for use of the program. 
Definition of uncorrected and 
corrected sums of squares 
To determine the binary series which defines an uncorrected sum 
of squares (and products) one must decide what totals are needed to 
calculate that sum. The binary series consists of O's and l's, one 
digit for each factor. The ith digit is a "O" if the ith factor is 
to be summed over to calculate the totals needed, and "l", if not. 
Another way to arrive at the binary series is to write the desired 
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sum using summation and dot notation, as described earlier. Then if 
proper planning was done, the binary series can be identified directly 
from the subscript: a "O" is used for each subscript which is dotted, 
a "l" for each subscript which is not. The binary series is entered 
in free-format, with commas or carriage returns separating the digits. 
The corrected sums for the analysis of variance are calculated 
according to a linear combination of uncorrected sums. The uncorrected 
sums used are identified by their positive or negative line numbers, a 
positive number indicating that sum is to be added, negative indi-
cating subtraction of that sum. The linear combination can have up 
to 60 terms. 
Definition of corrected matrices 
Corrected matrices are formed in a somewhat similar manner as 
the corrected sums. An error matrix must be formed prior to its 
corresponding treatment-plus-error matrices. Along with the description 
of each matrix, an identifying line number must be given. This line 
number serves two purposes: a) to differentiate between an error matrix 
(positive line number), and b) to identify further output which re-
lates to the treatment of this matrix. 
Each term of the linear combination of uncorrected matrices has 
two fields. The first is the line number identifying the uncorrected 
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matrix and the second is a weighting factor to be applied to it. As 
above, each linear combination can have up to 60 terms. 
At the forming of each treatment-plus-error matrix, the user may 
request treatment means and variances adjusted for covariance. If 
this is done, the line number of the uncorrected matrix using these 
treatment totals must be entered. 
Performing covariance and/or 
multivariate analysis 
The user may request analysis of as many models as desired. Each 
model may use part or all of the variables. The user first must indi-
cate, for each model, how many independent and dependent variables are 
to be analyzed, and give the positions of these variables from the 
original variable list, with the independent variables first. If 
the model contains no independent variables, multivariate analysis 
on the dependent variables takes place. Otherwise, covariance will 
be performed and, at the user's request, multivariate analysis. 
At all questions requiring an answer of yes or no, a "yes" an-
swer will be accepted if the first two letters "YE" are entered. Any-
thing else will be interpreted as a "no." 
Interpretation of Output 
The output is labeled and for the most part self-explanatory. 
The output consists of the control information defining the data set, 
optionally the data itself, followed by the averages lines. Overall 
averages are automatically printed for each variable along with 
those treatment averages requested by the user. The line numbers 
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for these averages identifies which uncorrected sums were formed using 
these treatments. 
The uncorrected sums of squares for each variable and associated 
degrees of freedom are printed for each line number. Then the linear 
function entries which define the sums for the analysis of variance 
are printed to allow error checking by the user. The analysis of 
variance is printed with one line for each variable. 
The uncorrected sum of squares and products matrices follow. 
The corrected matrices are printed, each being preceded by the line 
numbers and weights for calculating them. Both uncorrected and 
c orrected matrices are written in the following manner. 
Row 
n a nn 
Next comes the identification of the model and the output for 
covariance and/or multivariate analysis. The following abbreviations 
are used: 
REG COEF 
DUE TO REG 
DF 




Due to regression 
Degrees of freedom 
Sum of squares and sum of products 
MS AND MP 















Mean square and mean products 




Determinane of error matrix 
Determinant of treatment plus error matrix 
Multivariate F value 
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The numbers under the headings Row, Col, X and Y are numbers corres-
ponding to the variables in the original variable list. 
NUMERICAL EXAMPLES 
Split plot design with no 
covariance (4) 
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An experimental design which is used quite frequently is the split 
plot design. This design involves two factors, but because of the 
physical limitations in the way treatments can be applied, or because 
less information is desired on one factor than the other, a simple 
two way design is not used. Instead, various levels of the first 
factor are assigned at random to the whole plots. Then the levels of 
the second factor are assigned at random to the split plots within 
each whole plot. The following numerical example shows how such an 
experiment would be analyzed using FCTCVRNVA. 
An engineer developing a particular type of thermal battery 
wished to determine a) how much electrolyte to be used in the con-
struction of the batteries, and b) the effect that the temperature at 
which the batteries are activated has on the activated life of the 
batteries. It was decided to investigate four levels of electrolytes 
which we will call A, B, C, and D, and three temperatures, high, 
medium, and low. Seventy-two batteries were tested in this experiment. 
Each battery was built using one of the four electrolyte levels, these 
levels being assigned to production in random order. The batteries 
then were activated and tested at one of the three temperatures. How-
ever, only twelve batteries could be tested in a normal work day. 
Also, in the interest of economy, the test engineer wished to test 
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four batteries in the temperature chamber at the same time. Thus, for 
each replicate (day) all three test temperatures were used and the 
four levels of electrolytes were tested simultaneously at the same 
temperature. Temperature is the whole plot factor and electrolyte 
is the split plot factor. The data is given in Table 7, and Table 8 
displays the symbolic analysis of variance. The model is 
i = 1, ... r r = 6 
j 1, a a = 3 
k = 1, ... b b = 4 
Computer printout is given in Figure 3 with suggested presentation 
of results in Table 9. Following is the dialogue between the computer 
and the user with the computer's part underlined. Data has previously 
been entered to the file BATTERIES.DA with format (F3.2). 
ENTER NUMBER OF VARIABLES (#X's+ #Y's) 
1 
ENTER "YES" FOR COVARIANCE/MULTIVARIATE ANALYSIS 
NO 
ENTER NUMBER OF FACTORS (REPLICATIONS COUNT AS A FACTOR) 
3 
ENTER NUMBER OF LEVELS FOR FACTORS 1 THROUGH 3
6,j,4 
ENTER NUMBER OF OBSERVATIONS 
72 
TYPE "YES" TO INPUT DATA FROM DISK 
YES 
ENTER FILE NAME 
BATTERIES.DA 
ENTER DATA FORMAT 
(F3.2) 
ENTER "YES" IF YOU WANT LISTING OF DATA 
NO 
ENTER NUMBER OF UNCORRECTED SUMS OF SQUARES NEEDED 
5 
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LINE #1 STORES OVERALL SUMS OF SQUARES. OVERALL CORRECTION TERMS ARE 
IN LINE 112. 
ENTER BINARY SERIES OF 3 ONES AND ZEROS (SEPARATED BY COMMAS) WHICH 
DEFINE UNCORRECTED SUMS TO BE PUT INTO LINE #3. 
1,0,0 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER BINARY SERIES ... TO BE PUT INTO LINE #4. 
0,1,0 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER BINARY SERIES ... TO BE PUT INTO LINE #5. 
1,1,0 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER BINARY SERIES ... TO BE PUT INTO LINE #6 
0,0,1 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER BINARY SERIES ... TO BE PUT INTO LINE #7. 
0,1,1 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER NUMBER OF CORRECTED SUMS OF SQUARES WANTED 
7 
ENTER DESCRIPTIVE INFORMATION (UP TO 12 CHARACTERS) FOR CORRECTED SUMS 
OF SQUARES Ill 
TOTAL 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS OF PREVIOUSLY CALCULATED SUMS OF SQUARES TO BE USED 
TO CALCULATE THIS CORRECTED LINE IF IT IS TO BE SUBTRACTED, WRITE 
IT AS A NEGATIVE NUMBER. 
1,-2 
ENTER DESCRIPTIVE INFORMATION ... SUM OF SQUARES #2. 
REPLICATES 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS ... 
3,-2 
ENTER DESCRIPTIVE INFORMATION ... SUM OF SQUARES #3. 
TE:1PERATURE 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS ... 
4,-2 
ENTER DESCRIPTIVE INFORMATION ... SUMS OF SQUARES #4. 
ERROR A 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
4 
ENTER LINE NUMBERS 
5,-3,-4,2 
ENTER DESCRIPTIVE INFORMATION ... SUMS OF SQUARES #5 
ELECTROLYTE 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS ... 
6,-2 
ENTER DESCRIPTIVE INFORMATION ... SUMS OF SQUARES #6 
TEMP X ELECT 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
l 
ENTER LINE NUMBERS ... 
7,-4,-6,2 
ENTER DESCRIPTIVE INFORMATION ... SUMS OF SQUARES #7. 
ERROR B 
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ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
4 





ACTIVATED LIVES (HR) OF 72 THERMAL BATTERIES TESTED IN A 
SPLIT PLOT DESIGN WHICH USED TEMPERATURES AS WHOLE 
PLOTS AND ELECTROLYTES AS SPLIT PLOTS (4) 
Replicate 
Temperature Electrolyte 1 2 3 4 5 
Low A I I 2.17 1. 88 1. 72 II 2.34 1. 58 
B I ;) 1.58 1. 26 1. 22 1 '- 1.59 1. 25 
C 2. 29 1. 60 1.67 ,, 1.91 1. 39 
D I y 2 .23 2.01 1.82 I 2.10 1.66 
Medium A ;2_1 2.33 2.01 1.70 . 1. 78 1.42 
B ;l ",/ 1.38 1. 30 1.85 -- 1.09 1.13 
C 1.86 1. 70 1. 81 ; · 1.54 1. 67 
D ?- '( 2.27 1. 81 2 .01 .. 1.40 1.31 
Hi~h A 1. 75 1.95 2 . lJ l 1.78 1. 31 
B ;, 1.52 1.47 1.80 ,:,. 1.37 1.01 
C 1.55 1. 61 1. 82 ·' 1. 56 1.23 
D ~ ( 1. 56 1. 72 1.99 




















Electrol y te 
TABLE 8 
SYMBOLIC ANALYSIS OF VARIANCE 
FOR EXAMPLE 1






CD 2 @ 2 
EHY . . k-Y /rab 
lJ 
Q) @ 
EYw. /ab-Y 2 /rab 
l. • 
@ 2 @ 2 
IT . /rb-Y /rab 
.J. 
CT) 2 G)2 ®2 
EEY . . /b-IT . /ab-IT lJ. l .. 
@ 2 ~ 
EY .. ira-Y /rab 




Temp x Elect. ab-a-b+l 
(}) 2 ®2 ®2 ~ 
EIT .k/r-EY ./rb-EY k/ra+Y /rab . J . J • • • 
Error B rab-ab-ra+a 
CD 2 0)2 <2>2 2 
EEIT .. k-HY . k/r-EEY .. /b+EY . /rb lJ •J lJ. . J. 
r = number of replicates 
a= number of temperature le;els 
b = number of electrolyte levels 
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FilCTOR I >1L flNIIL YS l $ OF Uf:IR I ANC[ ✓COUMU ANCE 
I UAR[ll8l£($) 
IIU~8ER OF LEVELS roR. /!ACTORS I rHROUGH J ,z I) J 4 
t/UM8[R OF OBSE:,,VAi!ONS I S 72 
D~Tfl FILE IS BllTi~RTES . O~ 
F3 . 2 
TR[>HNENT 1W[RAGES, 
LINE NO 08$ V4R!AB L£ flUER~GE TREflT IOEHT 8/NARf SPEC IF I CIH JON 
2 72 1 a 15968060 I 0 0 a 000 
J 12 l 13 1874[610 1 1 I) 0 101:) 
J 12 I a . 16nJJJo I 2 0 0 100 
J 12 1 0 . 17 866670 I f< J 0 E:l 108 
J 12 1 a . 16675000 l 4 8 0 1 ,;,:, 
J 12 1 D. 1J7Z5000 1 5 0 8 I 1JO 
J 12 1 8 . l/866070 I 6 0 0 1130 
4 24 1 0 . 16662500 1 0 I a 010 
4 24 1 a . 1511s ,s10 a z 6 01 IJ 
4 24 I 0 . 15525000 1 0 J 13 tl 10 
5 4 1 f) . 20675000 I I 1 a 1 HJ 
5 4 1 8. 196 80000 I 1 z 0 110 
5 4 1 0 . 15950000 1 1 J 0 110 
5 4 1 0 . 16875000 1 2 I o 110 
5 4 1 0.17050000 1 2 2 0 118 
5 4 1 0 . 16875000 1 z J 8 I18 
5 4 1 8 . 15825000 1 J [ 0 1 HJ 
5 4 l 8 . 19425000 1 J 2 0 110 
5 4 1 0 . 1935000D I J 3 0 11,) 
5 4 1 13. 19851)000 1 4 1 0 /10 
5 4 I 13. 14525000 1 4 2 t1 l UJ 
5 4 1 13. 156 50060 1 4 J () 110 
5 4 1 a . 14100000 1 5 1 0 110 
5 4 1 8 . 138250/JD 1 s 2 8 JI (I 
5 4 1 8. 12656600 l 5 J a 118 
5 4 1 I) _ 12050000 J 6 1 o 110 
5 4 1 0 .1 8875000 J 6 2 (I JI 9 
5 4 J 8 . 1267'5000 1 6 J I) 11 t] 
6 18 1 13. 1?811110 1 0 a J 001 
6 18 1 8 . !346,560 1 0 e 2 00 1 
5 18 l e. 157,4440 J a 0 J ce1 
6 18 1 9 . 169! JI ID 1 0 0 4 001 
7' 6 1 13. 187500(10 1 0 l I J/l 
7 6 1 13. 1306667'D 1 8 1 2 ull 
7 6 I 8 . 166 JJJJD J a J J !)JI 
? 6 1 8 . 18200000 l a 1 4 011 
7 6 1 e . 17',ssooeo 1 8 2 1 011 
7' 6 1 81301667'0 l 0 2 2 011 
? 6 1 0 . 15756670 I 8 2 J 011 
? 6 1 0 . 16433] 40 I 0 2 4 011 
7 6 1 13. 17'03JJJO 1 0 J I 011 
7 6 1 e . 141J 3J40 1 0 J 2 011 
? 6 1 e . 148JJJ:JD 1 0 J J 011 
7 6 1 e . 16100000 1 o J 4 011 
LIii£ OF UNCORRECTED ss 
1 72 e . 1 n1a6so J 
z 1 8.18358480 J 
J 6 8 . JB17J460 J 
4 J e . 1a3152so J 
5 18 e . 189274:JO 3 
6 4 8 . 18554720 J 
? 12 0 . 1$5935$0 J 
Figure 3. Computer printout for example 1 
LCNEAR rUNCTIOH ENTRIES 
OESCRIPTION LINE TER/15 
TOTAL 8 1 -2 
REPLICATES 9 3 -2 
TE,~PERATURE 10 4 -2 
E?.ROR A 11 5 -3 -4 2 
ELECTROLYTE 12 6 -2 
T'Eni' X ELECT lJ 7 -4 -6 2 
El::ROR S 14 l -7 -5 4 
MitlL 'fSIS 01-" UARU1NCE 
SOURCE OF ss MS UAR 
roTAL 'Tt 13. S 1217~90 l 8 . 12847550 ., 1 
FI.EPLICATES 5 a 41498220 l 0 . 8n964SO !3 l 
TE/'IPERATUR£ 2 ~- 17901930 0 0 . IJ90096JO -1 1 
Ef,/ROR A 10 ;J, 13623470 J 0 . 136ZJ470 0 1 
E!..ECTROL YT£ J ,J 13624700 1 065415660 a l 
TE,'1P X ELECT 6 J 21055840 0 O. JS09J070 -1 1 
ER..~OR & -15 0 12585430 J 0 . 27567610 -1 1 
TABLE 9 
FINAL ANALYSIS OF VARIANCE FOR EXAMPLE 1 
Source of variation Degrees of Sum of Mean F freedom squares square 
Total 71 9.121759 0.1284755 
Replicates 5 4.149822 0.8299645 
Temperatur€ 2 0.1780193 0.08900963 . 2456 
ERROR A 10 1. 36234 7 0.1362347 
ELECTROLYTE 3 1.962470 0.6541566 23.3898** 
TEMP X ELECT 6 0. 2105584 0.03509307 1.2548 
ERROR B 45 1.258543 0.02796761 
**Significant at a= .01. 
Example 2 
Two way factorial with covariance 
and multivariate analysis 
The data for the following example was generated on a computer. 
It involves one independent variable and four dependent variables. 
43 
Two factors, A and Beach have two levels. Each treatment combi-
nation has 20 observations. Two models will be analyzed in this exam-
ple. The first will be strictly a multivariate example with the four 
dependent variables. The second will involve all variables with both 
covariance and multivariate analysis. 
The model is: 
yijk = µ+a . + y. + (a.y) .. + B(X .. k - x ... ) + E: •• k l J l] l] l] 
i = 1, a 
j = 1, b 
k = 1, n 
a = 2 
b = 2 
n = 20 
Symbolic analysis of variance is given in Table 10. Figure 4 displays 
the computer printout with Table 11 giving a suggestion for presenta-
tion of some of the final results. 
Dialog between the computer and user follows with the computer's 
part underlined. Note that the data has been entered into a file 
called MOLT.DA with format (SX, 5F8.1). 
ENTER NUMBER OF VARIABLES (#X'S+ #Y'S) 
5 
ENTER 11YES11 FOR COVARIANCE/MULTIVARIATE ANALYSIS 
YES 
ENTER NUMBER OF FACTORS (REPLICATIONS COUNT AS A FACTOR) 
3 
ENTER NUMBER OF LEVELS FOR FACTORS 1 THROUGH 3
2,2,20 
ENTER NUMBER OF OBSERVATIONS 
80 
ENTER "YES" TO INPUT DATA FROM DISK 
YES 
ENTER FILE NAME 
MULT.DA 
ENTER DATA FORMAT 
5X,5F8.l 
ENTER "YES" IF YOU WANT LISTING OF DATA 
YES 
ENTER NUMBER OF UNCORRECTED SUMS OF SQUARES NEEDED 
3 
LINE #1 STORES OVERALL SUMS OF SQUARES. OVERALL CORRECTION TERMS 
ARE IN LINE t/2. 
ENTER BINARY SERIES OF 3 ONES AND ZEROS (SEPARATED BY COMMAS) WHICH 
DEFINE UNCORRECTED SUMS TO BE PUT INTO LINE #3. 
1, .0 ,o 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER BINARY SERIES OF# ONES AND ZEROS ... LINE #4. 
0,1,0 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER BINARY SERIES OF 3 ONES AND ZEROS ... LINE #5. 
1,1,0 
DO YOU WANT THESE TREATMENT AVERAGES PRINTED? 
YES 
ENTER NUMBER OF CORRECTED SUMS OF SQUARES WANTED 
5 
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ENTER DESCRIPTIVE INFORMAT~ON (UP TO 12 CHARACTERS) FOR CORRECTED SUM 
OF SQUARES Ill 
TOTAL 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS OF PREVIOUSLY CALCULATED SUMS OF SQUARES 
TO BE USED TO CA1CULATE THIS CORRECTED LINE. IF IT IS TO BE 
SUBTRACTED, HRITE IT AS A NEGATIVE NUMBER. 
1,-2 
ENTER DESCRIPTIVE INFORMATION ... SUM OF SQUARE #2 
A 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS ... 
3,-2 
ENTER DESCRIPTIVE INFORMATION ... SUM OF SQUARES #3 
B 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS ... 
4,-2 
ENTER DESCRIPTIVE INFORMATION ... SUM OF SQUARES #4 
AB 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
4 
ENTER LINE NUMBERS ... 
5,-3,-4,2 
ENTER DESCRIPTIVE INFORMATION ... SUM OF SQUARES #5 
ERROR· 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION 
2 
ENTER LINE NUMBERS ... 
1,-5 
ENTER NUMBER OF CORRECTED MATRICES DESIRED 
4 
ENTER DESCRIPTIVE INFORMATION (UP TO 12 CHARACTERS) FOR CORRECTED 





ENTER LINE NUMBER TO BE ASSOCIATED WITH THIS CORRECTED MATRIX. A 
NEGATIVE LINE NUMBER INDICATES AN ERROR MATRIX. POSITIVE LINE NUMBERS 
ARE FOR TREATMENT PLUS ERROR MATRICES. 
-1 
ENTER NUMBER OF TERMS IN LI NEAR COMBINATION TO CALCULATE MATRIX 1. 
(CANNOT BE GREATER THAN 60) 
2 
ENTER LINE NUMBERS OF UNCORRECTED MATRICES TO BE USED IN CALCULATING 
THIS CORRECTED MATRIX. AFTER EACH LINE NUMBER, ENTER ITS POSITIVE 
OF NEGATIVE WEIGHTING FACTOR 
l,+l, 5,-1 
ENTER DESCRIPTIVE INFORMATION ... FOR CORRECTED MATRIX 2 ... 
A+ERROR 
ENTER LI NE NUMBER TO BE ASSOCIATED WITH ... 
2 
IF YOU WANT COVARIANCE ADJUSTED MEANS AND VARIANCES, ENTER LINE NUMBER 
CORRESPONDING TO THIS TREATMENT. OTHERWISE, ENTER "O." 
3 
ENTER NUMBER OF TERMS IN LINEAR COMBINATION ... 
4 
ENTER LINE NUMBERS OF UNCORRECTED MATRICES TO BE USED ... 
1,1,2,-1,3,1,5,-1 
ENTER DESCRIPTIVE INFORMATION ... FOR CORRECTED MATRIX 3 ... 
B+ERROR 
ENTER LINE NUMBER TO BE ASSOCIATED WITH ... 
3 
IF YOU WANT COVARIANCE ADJUSTED MEANS AND VARIANCES, ENTER ... 
4 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION .. . 
4 
ENTER LINE NUMBERS OF UNCORRECTED MATRICES TO BE USED ... 
l,l,2,-l,4,1,5,-1 
ENTER DESCRIPTIVE INFORMATION ... FOR CORRECTED MATRIX 4 ... 
AB+ERROR 
ENTER LINE NUMBER TO BE ASSOCIATED WITH ... 
4 
IF YOU WANT COVARIANCE ADJUSTED MEANS AND VARIANCES, ENTER .. . 
5 
ENTER NUMBER OF TERMS IN THIS LINEAR COMBINATION ... 
4 
ENTER LINE NUMBERS OF UNCORRECTED MATRICES TO BE USED ... 
1,1,2,l,3,-l,4,-l 
ENTER NUMBER OF INDEPENDENT VARIABLES, NUMBER DEPENDENT VARIABLES 
IN MODEL 1 
0,4 
ENTER POSITIONS OF THE 4 VARIABLES YOU WISH TO USE IN TIIE ORIGINAL 
DATA LIST OF 5 VARIABLES. X'S MUST BE FIRST, FOLLOWED BY Y'S. 
1,2,3,4 
ENTER "YES" IF YOU WANT MULTIVARIATE ANALYSIS 
YES 
DO YOU WANT TO TRY ANOTHER MODEL? 
YES 
ENTER NUMBER OF INDEPENDENT VARIABLES, NUMBER DEPENDENT VARIABLES 
IN MODEL 2 
1,4 
ENTER POSITIONS OF THE 5 VARIABLES YOU WISH TO USE IN THE ORIGINAL 
DATA LI ST OF 5 VARIABLES. X'S MUST BE FIRST, FOLLOWED BY Y'S. 
5,1,2,3,4 
ENTER "YES" IF YOU WANT MULTIVARIATE ANALYSIS 
YES 
ENTER YES TO PRINT INVERSE OF ERROR MATRIX 
YES 
ENTER "YES" FOR ERROR REGRESSION COEFFICIENTS 
YES 






SYMBOLIC ANALYSIS OF VARIANCE FOR EXAMPLE 2
Source df Sum of squares 
Total abn-1 
Q) 2 ~ 
HEY .. k-Y / abn 
1.J 
A a-1 
Q) 2 ~ 
LY . /bn-Y /abn 
1. •• 
B b-1 
@ 2 ~ 
LY . /an-Y /abn 
· J. 
AB ab-a-b+l 
B) 2 G)2 ®2 @2 
HY . . /n-LY . /bn LY .. /an+Y /abn 
1.J. 1... 1.J. 
Error abn-ab 
CT) 2 (2)2 
LHY .. k-HY .. /n 
1.J 1.J • 
a= number of levels factor A. 
b = number of levels factor B. 
n = number of replications. 
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FACTO~l4L ANA~YSIS OF VARIANCE/COVARIANCE 
5 U RIABLEC > 
NUN8E~ OF LEVELS FOR FACTORS I THROUGH 3 = 2 2 20 
NUMBER OF 08SERUATIONS IS 80 
DATA FILE IS NUL T. DA 
(5X,5F8 . 1> 
1 -0 . 900,H10E 0 -0 . 124800£ 2 0 . 160000£ 1 -0 . 230000E 1 
0 177800£ J 
2 -fJ. 480BB0E 0 . 46000fJE -0 . 500000E l -8 . 638888£ L 
0 . 163800£ J 
3 0 . 170000£ -0 . 6€10000£ 0 -0 . 75fJOOOE 1 -8 . 9JOOOBE 1 
0 . I 71800E 3 
4 -B . 2fJOGOOE I 0 , 120000£ -0 . 860000E 1 -8 . 147088E 2 
0 . 1912COE 3 
5 -0 100000£ -0 2.90000£ t -0 . 680000£ -8 . 44B888E l 
0 . 175500E 3 
6 0 . 11BOOOE 1 -0 . 170080E -0 . 400000E -0 . 270009£ 1 
0 . 180500£ J 
r 8 . 190000£ 0 . 130000£ -0 . 11 BfJOOE 2 -tl . 8/0000E I 
0. 178680£ 3 
8 03/0000£ 0 . 2300tWE 1 -o 200000£ 0 -0 . 22000tl£ I 
0 . 177400£ J 
9 0 . 500000£ 1 -0 . JOOOOOE I -0 . IJOOOOE 1 -0 . 160000E 1 
0 . 1942001: J 
10 0 . 800000£ 0 -0 . 920000£ 1 -0 540000£ I -0 . 1501J00E 
0 . 162500£ J 
11 -0 . 260000£ 1 -0 . 600000E -0 . 490000E -0.11/000E 2 
0 . 185300[ J 
12 0 . 400000£ 0 -0 . 109000E 2 e. 37/JOOOE 0 . 5JOfJOOE 
0 . 1573/JOE J 
13 - 8 . 360000[ t -0 . 890000E -0 . 140000£ 2 -0 . IJOOOOE 2 
0 . 1771 OOE J 
14 - 0 2700/JIJE -0 . 80/J000E 8 -0 . 650000£ 1 -/J . 148fJOOE 2 
0 . 180 H1/JE J 
15 - 8 . 160000£ -/J 550000£ I -0 . 240000£ t -0 . 290000E 1 
B. 189808£ J 
15 0 . 180080£ t -0 . 260000£ 1 - 0 . 420/JOOE 1 -8 . 3400/JOE: I 
0 . 181700£ J 
17 -e . 450fJ80E 0 . 300080£ I -B . 4,;oa00E I -8 . 132088£ 2 
0 . I 16400£ 3 
18 -8 . 688000E I -0 . 598000£ I -o 145800£ 2 -a . 140800£ 2 
0 . 17J808E J 
19 0 . 380000£ 0 . 790000£ I 0 . 740000E fl . 440800£ 1 
0 . 191908£ J 
28 - 8 . 29/J008E 1 0 . 668800£ 1 - 0 . 1J0008E 1 -0 . 688880£ 
13. t919fJ0E 3 
21 -f) 580000£ -a . 189808£ 2 -8 . 82'3000£ 1 -0 . 220008£ I 
0 . 132700£ 3 
22 -0 . 490088E 1 -0 . 580000£ I -8 . 7'Jl3000E -IJ .570000£ 1 
0 . 168308£ 3 
2J 0 . 4fJOfJfJOE 0 . JfJOfJOOE a 0 . 558888E I fJ. 41/JOOOE 
0 . 17'1280E 3 
24' - 0 . 410808£ -0 . 308800£ I -8 . 15908BE 2 -8 . 105088£ 2 
0 . 1614801: 3 
25 -8 .~001300£ 0 0 . 123880£ 2 0 . 5708801: 1 0 . 890080£ 
0 . 151900E J 
26 -8 .588800E a /3. 790088£ J 0 . 980008£ 0 -8 . 2900130£ 
8 . 198488E 3 
27 - 8 . 298880£ -8 . 468088E 1 -0. 132€108£ 2 -8 . 128088E 2 
0 190480£ J 
28 -€1. 338800£ 1 -€1. 148808£ I -a . 16a000E 2 -0 . 198880£ 2 
a. 177308£ J 
29 -0 . 600000£ 0 -0 . 124888£ 2 -0 . 16<J0e0E z -0 . 204888£ z 
8 . 167800E J 
JO 0. Z9e008E 0 . 478888£ 1 0 . 1BfJ888E 1 IJ. 86fJ888E I 
e . 1153aaE 3 
Jl 8 . 5131313138E a 8 . 12138130£ I -0 . 568fJOBE -e . 129eoeE 2 
13. 186988£ 3 
J2 -0 . 88888!:IE 0 0 . 880000£ 0 -8 . 42fUJ00E -8 . J?0800£ 1 
o. 148980£ J 
33 -8 .500088E -e . 138080£ 2 -0 . 828fJ88E -0 . 388888£ 
a. 143900£ 3 
34 -8 . 2200138£ 1 -0 . 111888£ 2 -0 . J 60000£ 1 e . 488888E 0 
a. t54oeeE J 
Figure 4. Computer printout for example 2 
35 -e . JseaeoE 0 . 508880€ a 0 . 000fHJ0E 8 -8 . J6800(JE 
0 . 186780£ J 
J6 -0 . 2J0000E l -8 . 84808fJE 1 -a. 183008£ 2 -8 . 145080£ 2 
0 . 164500£ 3 
37 -0 . 380000£ -0 . 270000€ -o . au,eeeE -0 . 113808£ 2 
0 111200£ 3 
38 -a . 508000£ 0 -a . 18H)88E 2 -8 . 148080£ 2 -a. 166000£ 2 
0 . l 67280E 3 
39 0 . 6008813£ 0 -0 . 186000£ 2 -0 . 260800£ -0 . 300000£ 0 
0 . 165800E 3 
40 -0 . 4888()0£ l -0 . 430008£ 1 -0 . 688000£ -0 . 140000£ 2 
8 . 161308£ 3 
41 0 . 38e088E -0 . 630000£ -0 . 398808£ 1 8 . 17008fJE 
Iii . J 8460tl£ J 
42 -0 . 440888£ 1 -0 . 248000£ 1 0 268808£ 1 -8 . 1308;.lOE 
0 . 1 ?5HJ8E 3 
43 0 . 68008fJE 8 -fJ . 38808€}£ 1 -0 . 163888£ 2 -8 . 158{]()8£ 2 
0 . 119500£ 3 
44 -0 . 550080£ -0 . 116888£ 2 -0 . 1478()0£ 2 -0 . 186088£ 2 
0 . 167280£ 3 
45 -a . 320000£ -0 . 860888£ 1 -13 127880£ 2 -8 . 181080£ 2 
0 . 174300£ 3 
46 0 . 200000£ 8 -0 8501110/!IE -0 . 111888£ 2 -8 . 95(UJ88£ 
0 16J900E J 
47 0 . 4l 088fJE -0 . 370080£ J -0 . 520000£ -8 . 145888£ 2 
0 . 198708£ J 
48 8.370081:JE -0 . 140001:JE I -8 . 678800£ 1 -8 . 118800£ 2 
8 . 178888£ J 
49 -8 . 5701:hJOE 1 -0 . 770880£ -0 . 500800£ 0 -0 . 150088£ 1 
8 176580£ J 
58 0 . 180000£ 1 0 . 800000£ 0 -8 . 850808£ -8 10880/JE 2 
8 . 1982130£ 3 
51 -0 . 688000£ -0 . 150088t 1 -0 . 75001i10E 1 -0 183080£ 2 
0 . 191ZB8E 3 
52 -1:J. 320008£ I - 0 900000£ -ti . 101000£ 2 -0 . 141080£ z 
0 178100£ 3 
53 -1:J. 4500/JOE 1 -0 . 120000£ 2 -0 . 149800£ 2 -() 970000£ 
fl . 153000£ 3 
54 -0 . 8100t1t1E 1 - 0 159000E 2 -0 . 940000£ 1 -0 390000£ 
ti . 153500£ 3 
55 0 . 310000£ 1 0 1J0008£ I - 0 . 1320/JOE 2 - 0 . 700000£ 
0 188700£ 3 
56 0 . 240000£ 1 -0 . 800000£ -e . 86000()£ -0 99000()£ 
e 208101:JE J 
57 -0 . 21€JOOOE 1 -0 . 134001:JE 2 -0 . 125600£ 2 -0 ' 154080£ 2 
8 . 189400£ J 
58 -8 . 370000£ 1 -0 . 320000£ -1:J. 40/JMOE -0 . 380000£ 
0 169200£ 3 
59 -0 . 520001:JE I 0 . 280000E 1 - 0 . 23600fJE 2 -0 201000£ 2 
0 . 170200£ J 
60 -0 . 8130000£ 0 0 . 3401)81}£ 1 8 . 210000£ 0 . 200000£ 0 
0 180000£ 3 
61 -l:J. J90000E 1 0 170fJOOE -0 760000£ 1 -0 .320000£ 1 
f} 189080£ J 
62 -0 . 450080£ 1 -0 420/Jl:JOE -0 . 950000£ 1 -0 . 960000£ 
0 . 189100£ J 
63 -e . 220000£ 1 -fJ . 390001)£ -1:J' 770000£ 1 -€1. 1160/JOE 2 
13 192200£ 3 
64 -0 . 970000£ -0 . 118000E 2 - 0 218fJOfJE 2 -o 2J31JOOE 2 
0 186600£ J 
65 -0 700000£ - 0 . 930000£ 1 -0 . 241080£ 2 -0 . 22JOOCi: 2 
13. 177900£ J 
66 -0 . 2413000£ 1 -0 . 130000£ -0 .340fJOOE -8 . llJOOOf 2 
0 . 19291:JOE 3 
67 -0 . 6J0000£ -0 15301313£ 2 -0 . 550000[ 1 -0.591:JOOOE 
0 175500£ J 
68 -0 . 170000£ -0 . 780000£ 1 -0 . 152000£ 2 -o . 157800£ 2 
0 189408£ J 
69 -1:J. 2513000£ 0 . 1@1/!IOOE 2 -0 . 91000fJE 1 -8 . 1240@0£ 2 
0 18501:JOE J 
70 -0 . 230000£ 0 . 790001:JE - 8 . 4113000£ 1 -13. 82000/JE 
0 196600£ 3 
71 -0 . 140000£ 1 -0 . 618000£ -e. 460000[ 0 . 2100001: 
0 . 176980£ 3 
72 -0 . 400000£ 0 -0 121800£ z -0 . 750000£ - 9 270608£ I 
0 . 18720/JE 3 
7J -0 . 140000[ -0 . 146806£ 2 -0 . 440000[ -0 . 1J0000E 2 
0 181900[ J 
74 -13. 37Ci300E -0 . 151€)00£ 2 -a 1010/30£ 2 -o 142000[ 2 
6 . 184000£ 3 
15 -0 . 1700130£ -0 . 1913000£ -0 . 181000£ 2 -0 . 180000£ 2 
IJ. 188900E J 
76 -0 . 400000£ -a 101000[ 2 -0 130000£ -0 . 151000£ 2 
IJ. 11 340/3£ 3 
n -0 . 180000£ -0 . 93013/3()£ -0 . 450080£ -0 . 900000£ 0 
0 . 185500£ J 
78 -0 . 520000£ -0 22113/JOE 2 -0 . 127008£ 2 -0 . 134000£ 2 
0 . 161700£ 3 
19 -0 . 830000£ -0 . 74tlfithif -0 . 870000[ - 0 . 730000£ 
0 177100£ J 
80 -o 378000[ -o . 7413000£ -o. 1860130£ 2 -0 . 21JOOOE 2 
0 13132013£ J 
TREAntENT AUERi:ICES: 
LIN£ NO OBS UA"'I ABL£ AVERAGE TREAT I DENT BINARY SPECIFICATI ON 
2 813 1 -0 . 1911J(1tit10 1 13 6 t.1 6t10 
2 88 2 -() 46975t;& o 1 tt 0 I) 81.lO 
2 86 3 -() . ?491250[1 1 ti ti 0 000 
2 813 4 -[, 84487580 1 l< l< ti 00() 
2 8() 5 0 . I 77' 113620 3 0 0 ti OOti 
3 40 1 -0 . 125€/til<tl[i 1 1 0 ti 100 
3 40 2 -0 . 30275000 1 1 6 8 l l.:itT 
3 40 3 -0 . 540250&0 1 1 8 & 1 ,_;,:, 
J 40 4 -13 64tl500t10 1 1 ll ti 1 titi 
J 40 5 0 . 1 7Jll5250 J 1 0 tl 10[1 
3 40 1 -0 . 26980600 1 2 ti ti J&[i 
3 40 2 -0 . 636150(30 1 2 e ti mo 
3 48 3 -0 . 95888810 1 2 8 0 100 
J 40 4 -0 . 184925t•D 2 2 & t1 1t10 
3 40 5 0 . 18116080 3 2 e tl Jt)O 
4 40 1 -0 . 11625880 1 0 1 & 610 
4 46 2 -0 . 38tl501313D 1 (j 1 e o 1 e 
4 40 3 -0 . 61050t<BO l 0 1 8 tl 10 
4 48 4 -ll . 7895!3t'lt10 1 6 1 ti 010 
4 40 5 6 . 118280tl0 J fr 1 & 010 
4 4 0 1 - B . 27775000 1 0 2 0 010 
4 40 2 -!3.55908080 1 e 2 0 ti 10 
4 4,i 3 -tl . S2775010 1 €J 2 [I 010 
4 46 4 -8 . 913025080 1 e 2 [r illO 
4 4t; 5 8 . 17593250 J 0 2 e 010 
5 2[1 1 -l • . 658813800 0 1 1 e 11 e 
5 2[, 2 -ti . 21750800 1 1 1 e 110 
5 28 J -0 . 44758t•OO 1 1 1 () 11 e 
5 20 4 -0 . 616G8tiil0 1 1 1 e 110 
5 20 5 tl . 1 7889800 J 1 1 e 11 e 
5 2(, 1 -l• . 18580880 1 1 2 [r 110 
5 26 2 -ti . 388M16tlD 1 1 2 (t 11/J 
5 2t1 3 -tl . 6J30t<l1t10 1 1 2 [I 1 1 IJ 
5 26 4 - l'l . 665t<l<@IJO 1 1 2 [r 11 (, 
5 20 5 tl . 16721500 J 2 6 1 l(j 
5 2l< 1 -6 . 16750000 1 2 1 0 110 
5 28 2 -8 . 5435,;i:100 1 2 1 [, 110 
5 20 3 -,; . 89J58Lh<O 1 2 1 0 110 
5 26 4 -J.1 . 9630tltl 1 [I 1 2 1 e 116 
5 20 5 6 . 17767800 3 2 1 0 110 
5 20 1 - Ll. J7658i38D 1 2 2 0 110 
5 20 2 -0 . 7'Jtithhiti0 1 2 2 0 110 
5 20 3 -l•. 1El2250ft0 2 2 2 0 11 €1 
5 2[, 4 -ti . 113551300 2 2 2 (I 116 
5 20 5 0 . 18465l1l<O J 2 2 (i 110 
LINE OF UNCORREC TEO ss 
1 86 e 110 434t:i O 4 6 . 5JJ l04l.0 4 t.1. 191.156910 4 (i . 9964991D 4 fr . 25228950 7 
2 1 0 . 31t1412tiD 3 6 . 11653210 4 ti . 44:::~~5~i7C, 4 (j 51105 110 4 0 2569J300 ? 
3 2 0 . 351944'30 3 ('I 19884330 4 0 48JS5J7D 4 0 . 6(,446640 4 (, 2516,:7450 7 
4 2 (, 362 6 3650 3 (j 1829645[• 4 (I 45389620 4 0 . 5735642 0 4 6 . 250944ti0 7 
5 4 13. 48755380 3 13 213522$50 4 0 . 4S8:i5880 .. 0 . 6[,i'e.8210 4 l'i. 25124950 7 
LINEAR FUNCTION ENTRlcS 
DESCR!PrJON Lit/£ TERHS 
T07AL 6 J -2 
~ 7 3 -2 
8 8 4 -2 
AB 9 S - J -4 2 
ERROR 18 J -5 




























79 8 . 19386800 
79 0 . 356572130 
79 0 . 3416185D 
?9 0 . 4254480D 
79 0 . 1356515D 
1 0 . 4147199D 
1 0 . 2231!20D 
1 0. 34913383D 
1 0 . 33415320 
1 e . 13146310 
1 0 . 52154500 
1 8 . 63724520 
1 13. 4945514D 
1 0 . 24531120 
1 8 . 1102153D 
1 8 . J4444990 
1 8.1280131340 
1 13. 1596120D 
1 0 . 7626120D 
1 0 . 114/30450 
15 a. b96187GO 
76 0 . 3278755D 
16 0.33161830 
76 {). 38881700 
76 0 . 19488250 
115 
3 8 . 18048960 Z 
4 0 . 45135690 2 
4 0 . 43242840 2 
4 0 . 53854180 Z 
5 0 . 17111810 3 
2 0 . 41411990 2 
3 0 . 22311200 3 
3 8 . 3491331330 3 
J 0 . 33415320 3 
4 8 . 13146310 4 
2 0 . 52164500 2 
2 0 . 6372452D 2 
2 8 . 49455140 2 
2 0 . 24531120 2 
3 0 . 1102153D 3 
1 tJ. 3444499D 1 
0 0 . 128801340 13 
1 0 . 15961280 1 
1 0 . 7626120D 1 
4 8 . 17400450 4 
3 0.91082500 1 
4 8 . 43141520 2 
4 8.39685570 2 
4 /J'. 51160130 2 


































8 . 11043480 4 8 . 13068513D 4 8 . 1870140D 4 8 . 20637780 4 
-0 . 21088690 5 
2 8 . 533184~0 4 0 . 4158530D 4 0.41958700 4-8 . 6448912D 5 
3 0 . ?905691D 4 0 . SZ02451D 4-9 . 1060558D 6 
4 0 . 99649910 4-0 . 12134470 6 
5 0 . 2522895D ? 
1 8 . 31947280 J G. 74032680 3 8 . !186621D 4 8 . 1331523D 4 
-8 . 27911940 5 
2 13. 1765321D 4 0 . 2815212D 4 0 . 31750400 4-13.6655653D 5 
3 8 . 44895070 4 0 . 5063336D 4-0 . 18613980 6 
4 8 . 57105110 4-0 . 119706 10 6 
5 8 . 2509330Q ? 
1 0 . 351,4400 3 0 . 8365188D 3 e . 1300933D 4 0 . 1449243D 4 
-8 . 28145440 5 . 




8 . <feJ85J7D 
/J. 6044664D 
0 . 2510645D 
4 0 . 54048470 4-0 . 10681120 6 
4-8 . 12036890 6 
7 
0.3626365D 3 8 . ?979Q15D J 0 . 1231413D 4 0 . 1367295D 4 
-~.21836120 5 
2 8 . !829645D 4 0 . 2871350D 4 0 . 32145780 4-0 . 60472720 5 
3 0 . 45389620 4 0 . 50981670 4-8 . 113606680 . 6 
4 8 . 57358420 4-8 . 1196541D 6 
5 8 . 25894480 7 
8 . 48755380 J 0 . 89483750 3 0.!J49JSOO 4 0 . 1490141D 4 
-0 . 2814783D 5 
2 0 . 20522850 4 8 . 3149955D 4 8 . 3498611D 4- 0 . 6782923D 5 
J 0 . 48895880 4 0 . 5436189D 4-8 . 18669860 6 
4 0 . 60768210 4-8 . 12043210 - 6 




Er?ROR LI HE ii'$ ~HD wn,;HTS: _5 -1 
LIHE" -1 OF = 76 
IJ. 696787130 3 IJ. 412!11250 J IJ. 521J76'110 3 IJ. 57362960 3 
IJ. 111583450 4 
2 IJ. 32787550 4 IJ. 1 !)1185750 4 IJ.71J7259130 J IJ. 2'53951380 4 
3 IJ. Jl11611J30 4 13. 2?66262D 4 13, 63563790 3 
4 IJ. 38881700 4-IJ . 9126fJ99D J 
5 IJ. 11J41JIJ250 5 
~+ERROR LIHE I ' S HHO WEIGHTS: r [ 2 -[ :r 1 5 -r 
LIHE = 2 OF = n 
IJ. 73825.9130 J 11. 5138211'45D J IJ. 041.37210 J 13. 69134960 J 
11. ~2484890 3 
2 11. ]5/318670 4 11. 12i7632D 4 11. JSl'J:JG41JD 3 I}. l 9979270 4 
3 13. 33651330 4 IJ. JHJ777JO 4-IJ . 41743860 2 
4 IJ. -4222323D 4-IJ . 15753980 4 
5 1:1. 11714890 5 
S+ERROR LINE 1 1 S HHO WEIGHTS: z -1 4 5 -1 
l.IHE"' 3 OF= 77 
IJ. 14895150 3 IJ. 469668tJQ. .3. 'L5.7L55l .80 1 IJ •. Sl3941J i 80 3 
IJ. 11J4l69D 4 
z i:1. JJ4N8tJO 4 IJ. l lJ6471 JD 4 13. ?4679670 3 IJ. 26233140 4 
I 0 . J1J655580 4 iJ . 2813 !13930 4 0 .? 13946680 J 
4 11. J!Jl27/JlD 4-IJ . 861361210 J 
5 11. llJ5llJ470 5 
HB+E.~ROR LINE I'S HNO WEIGHTS:. L 2 t 3 -1 4 -l 
!.IHE = 4 OF = n 
1J . 101323150 J 'J. 41267650 J IJ .. $1841530 3 13. :57875480 3 
13. 99092660 J 
z IJ. J27SSSJD 4 8 . 18881230 4 IJ. ?!)824700 J a. 2'5245840 4 
3 · 8 . JOl 16990 4 13. 27627730- 4 IJ. 68SJJS2Jl . J 
4 IJ. 3895'1960 4-IJ . l lJ2?81J-fD 4 
5 11. 1214"1380 5 
f'fODEL # I 
'I' IJ,:,Rii:181..ES, 2 3 • 
I.INE 
l,(U/'fBER 
cR~ ~M~IX OF ROU COL SS HHO SP ~S HHD /'IP 
-l 16 l l 11. 696 78?80 J iJ. 916825110 l 
-1 16 l 2 11. 412e1250 J iJ. 542121?0 l 
-1 76 l J iJ. 52'J7681D J a . 6852111,;o l 
-1 76 l 4 ,a. 57362.960 3 i:l. 1':H775SO 1 
-l 76 2 2 11. 32797550 4 1:1. 43141520 2 
-l 16 2 3 11. l /JtJ8S7~D 4 11. 1J2NJ7ZD 2 
-1 16 2 4 1:1. 70 725.JIJO J IJ. 9J8tSiJ390 l 
- 1 76 J J IJ. 30!81830 4 13. JJ685570 2 
-1 76 J 4 tl . 27662620 4 O. JoJ9Sl80 2 
-1 76 4 4 11. 38331?80 4 !J. 51161JtJD 2 
c/\ROR DET # IJ. 60458240 13 
TRT f'flHRIX 
z 1 l rl . 738259"10 J IJ. 73825990 J z l 1 2 iJ. $08211450 J fJ. 50S2~45D 3 z 1 1 3 IJ. 641117210 3 fJ. 6411)7210 3 
2 l 1 4 iJ. 6313496D J 0 . S!JIJ4960 J 
2 1 2 2 IJ. 3581$670 4 tl . 35018670 4 z l 2 J IJ. 12S76:i2D 4 0 . 128715320 4 z 1 2 4 a . :JSeJG4iJO J i:1. :JS0304i:10 J 
2 l J J IJ. JJ6513JO 4 1:1. JJoSJJJO 4 ., .. 1 J 4 0 . 311177?30 4 0 . 3107?730 4 z l 4 4 IJ. 42223230 4 iJ. 4222323D " TRT•ERR OcT z 13. 78951820 13 
i'IUI. r • 8 . 27998980 1 
OF• 4 . AND 73. 
54 
TRT /'IATRIX 
3 l l 1 0 . 74895150 J Iii. 74895150 3 
J l 1 2 !l. 469668{30 J a . 46966813D 3 
3 1 1 3 8 . 57155180 3 i:1. 57155!SO 3 
3 l 1 4 13. 68j4Gt80 3 0. 611:N!ll8D 3 
3 l 2 2 13. 33424880 4 lil. 33424SIJD 4 
J l z J 0 . 18647130 4 a . 113647130 4 
3 l 2 4 e . 74679670 J lil. 7467967D 3 
3 l J 3 0 . 3!1655580 4 IJ. J0655SSD 4 
3 l 3 4 lil. 2813111930 4 13. 28010930 4 
J l 4 4 8 . 39127010 4 !J. 39127010 4 
TRT+£RR 0£T = 13. 74144110 13 
l'fUL F .: 8~15180810 l. 
DF"' 4 . J:IND 73 . 
TRT l'fATRIX 
4 1 l l 8 . 71:1023150 J IJ. 70023150 3 
4 l 1 2 0 . 4126,65D J 13. 41267650 3 
4 l l J 8 . 51841530 J 13. 51841530 3 
4. l l 4 8 . 57875480 3 lil. 57:375480 3 
4 . l 2 2 lil. 327$8830 . 4 13. 32?SSSJD 4 
4 ! 2 3 lil. llJ88l23D 4 13. 11J8812JD 4 
4- 1 2 4 0 . 10824780 J e . 70S247!JO J 
4 1 3 3 13. JtJl?.5990 4 13. 38176.990 4 
4'- 1 J 4 !J. 27527730 4 e . 21,s2n30 4 
4- l 4 4 8 . 38957960 4 13. 3!1957.950 4 
TRT+£RR OET = 13. 69643310 13 
l'fUL F = 13. 31SlJ9270 8 
OF:. 4. J:IND 73 . 
l'fODEL I' z 
X Ui4RIABL£S• 5 
~ UARIABLESr 1 z 3 4 
LlHE' 
H4Jl'f8ER 
INVERSE ROU CDL cl.D'fe#T 
-! 5 5 8 . 96151490 -• 
R& C1JEFP X y COEFFICIENT 
-1 5 l Iii. tat1614D 8 
-1 5 2 lil. 24-417750 8 
-1 5 J 8 . 611 17530 -l 
-l. 5 4 -lil. 87748880 -- l 
DVE TO REG OF ROU COL SS ANO SP /'IS ANO l'fP 
-1 1 1 l 8 . 113159870 J' e. ll375987E J 
-1 l 2 1 a . 25842480 J' 13. 2584241£ J 
-L 1 J l ;J. 6468342D 2 IJ. 6468343£ 2 
-1 l 4 l -fl . :J2e6S49D 2 -fl . :3286849£ 2 
-l ! z 2 lil. 5200905D J ta. 62€J090tSE 3 
- 1 l 3 2 a . 155:2084D J 13. I55208SE J _, 
! 4 2 - 1:J. 2228388D J - 13.2228388£ J _, 
l 3 3 8 . 3884862D ·> .. lil. 3884862£ z 
-1 l 4 3 -fl . 5577645D 2 -ta 5S??647E z 
- 1 l 4 4 8 . 8813Sia42D 2 lJ. 81Jt18842E 2 
O£IJ FR REG 
-1 7~ ! 13. 5891388:JD J 13. l8S4S12E t 
-1 lS 1 z 0 . 1535SS60 J 11. 204?84SE 1 
-l 75 t J' IJ. 4S6<1?6o0 J 13. 5881/JZJE l 
-1 75 l 4 8 . 60049810 3 lil. 8886642£ 1 
-1 7'5 2 2 a.2ossuso 4 13.J544G$7E z 
-l 75 2 3 !J. 95336640 J Iii l1J?S23E 2 
-1 75 2 4 8 . jJl](J9170 3 13. 1240131£ 2 
-! 75 3 J B . Z:1'72540 4 Iii. 3369674£ 2 
-1 75 3 4 13. 29228380 4 1:1. 3762719£ 2 
,.;;L 7~ 4 4 8 . 381380900 4 1r. sa?74S3e 2 
ERROR OET • 8 . 38139610 13 
TRT r:IOJ 
2 1 1 13. 91892810 2 13. 91092810 2 
2 I 1 2 13. 213 :NlJO 3 0 . 2139413C 3 
2 t 1 3 0 . 18793460 3 1318193460 3 
2 1 l 4 13. 13577:580 3 !J. 13577580 3 
2 l 2 2 0 . 5/J246420 J 0 . 50246420 3 
2. l 2 3 13. 4413S480 3 !J. 44138480 3 
2 1 2 4 13. 3188 8410 3 0 31888410 3 
2 1 3 3 13. 38173010 J 0 . 38773010 3 
2 1 3 4 0 . 280121:160 3 8 . 28tl 12060 3 
2 1 4 4 13. 20237680 J 0 . 211231680 3 
TRT+£RR DH = 11. 530133480 13 
l'fUL F = 13. 113158010 1 
DF = 4 . AND 72 . 
H0JUST£0 1:STil'fr:IT£D 
HO OBS I/HRIH8L£ /'11:AN Vr:IRIANCE TRl:i=/T IDENT 
48 l -8 . 1662515 D 1 a. 12410490 -1 1 8 8 
4"1 2 -13. 4131?J34D 1 8 . 32356950 -2 1 a 8 
4/J 3 -13. 5658255D 1 13. 96082990 -2 l 8 9 
41:J 4 -13. 61349288D 1 a . 14041310 - 1 1 8 8 
48 1 -8 . 22774850 1 13. 1241!3490 -1 2 13 8 
48 ,, -tl . 53776660 1 a . 32356950 -2 2 8 8 .. 
48 3 - a . 93322460 1 13. 9608299 0 -2 2 8 8 
4/J 4 -13. 1;1848210 2 8 . 14041310 -1 2 8 8 
TRT flOJ 
3 1 1 l 13. 374 7669D 2 0 . 37476690 2 
3 1 1 2 8 . 330131600 2 033081600 2 
3 1 1 J tl . 3891 ?680 2 tl . 3891 7680 2 
3 1 l 4 0 . 35171190 2 13. 35171190 2· 
3 1 2 2 8 . 29868890 2 0 . 29860890 2 
3 1 2 3 0 . 3427052D 2 13. 3427052D 2 
J 1 2 4 0 . 31-49976D 2 13. 3149976D 2 
J 1 3 3 8 . 413414137D 2 8 . 413414010 2 
J 1 3 4 0 . 3714668D 2 0 . 37146680 2 
3 1 4 4 8 . 34143310 2 8 . 34143310 2 
TRT+l:RR 0£T = 0 . 41044130 13 
l'fUL F = 0 . 13707860 1 
OF= 4 . ANO 72 . 
ADJUSTED £STil'fATED 
HO OBS_ VARIABLE MEAN i.lARIAHCE TRl:AT !DENT 
49 1 -8 . 11J431357D 8 . 11340464D -2 8 1 8 
·HI 2 -13. 35183960 1:l. 2112123 0 -J 8 1 8 
49 3 -8.66332630 8 . 88553500 -3 8 1 8 
4i 4 -13. 7997996D 0 . 11171870 -2 8 l 9 
49 • 1 -0 . 28969430 !J. 11340464D -2 9 2 8 
411 2 -13. 58766040 0 . 27127230 -3 8 2 8 
41' 3 -IJ . 83492370 13.81355350D - J 8 2 8 
49 4 -8 . 8899505D 13. 1117187D -2 iJ 2 8 
TRT ADJ 
4 l l l IJ. 3188S!BO 2 8'. 31$85100 2 
4 1 l 2 IJ. 55113359D 2 JJ. 5516359D 2 
4 l l 3 0 . 67214980 1 0 . 6721498D 1 
4 l 1 4 -8 . 46914580 1 -8 . 4697458D l 
4 1 2 z IJ. 9522963D 2 0 . 95229630 2 
4 1 2 3 a . 11616840 2 IJ. 1161684D 2 
4 1 2 4 -8 . 8118112D l -0 . 8119112D l 
4 l 3 3 8 . 14169170 1 13. 14169110 l 
4 l 3 4 -8 . 390241 70 8 -0 . 991324170 13 
4 l 4 4 IJ.6920509D IJ 0 . 6928509D 8 
TRT+ERR DET : 8 . 4255833D 13 
l'IUL F • 8 . 21:185416D 1 
DF • 4 . AHO 72 . 
AO.JUSTED ESTI/'fATED 
HO OBS VARIABLE 11E~H VARIAHCE TREAT lOEHT 
213 f -IJ . ',4°6848290 11 11.24029440 -2 1 1 11 
29 2 -8 . 1 ?394480 l 8 . 62658150 -J 1 1 8 
28 J -iJ . 43659820 l I) . 180837$0 -2 I 1 8 
20 4 -8 . GJI6522D l 13. 2718706D -2 I I 8 
2e I -13. 28565480 I 8 . ?3888630 -1 1 2 8 
2tiJ z -8 . 62952210 l l~. 19264430 -l 1 z 8 
211 J -8 . 69345290 1 IJ. 57285140 -1 1 2 8 
29 4 -8 . 57828550 l 8 . 1335JSt35D -1 I z a 
29 1 -8 . 16176320 1 I). 24882100 -J 2 I 8 
Zt1 z -8 . 52:J?J45D I 8 . 62578870 -4 2 I 9 
29 J -8 . S!/1395450 I iJ. 18582610 - 3 z I 8 
28 4 -13. :167946:JO 1 13. 21156120 - J z 1 8 
2t1 I -13. 29373370 I 8 . 42978340 -1 z z 8 
28 z -13. 54579870 I 13. 11205420 - 1 2 2 9 
2t1 3 -~ . 97639460 I 11. 332?416D -1 2 2 11 
29 4 -liJ. 12816.960 2 8 . 41362,96D -1 z z 9 
TABLE 11 
FINAL ANALYSIS OF COVARIANCE FOR EXAMPLE 2 MODEL 2, VARIABLE Yl 







*Significant at a= .05. 
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Some Commands Used in the Program Edit 
Back up pointer to start of buffer. 
Find str 1 and change to str 2 . 
Delete n characters from pointer. 
Close input and output files. 
Exit EDIT program. 
Insert str at pointer. 
Jump pointer to linen. 
Delete n lines from pointer. 
Reset pointer to start of line. 
Reset pointer n lines from current position. 
Move pointer n characters. 
Output edit buffer without a form feed. 
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Search edit buffer for str placing pointer immediately 
followin g . 
Type out contents of edit buffer. 
Type n lines of edit buffer. 
Type names of I/0 files. 
Write rest of input file to output; delete input file, 
rename output file as input file, close output file. 
Shift pointer to end of buffer. 
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APPENDIX B 
CONTENTS OF MATRICES A AND BIN SUBROUTINE IAA 
Appendix B 
Contents of Matrices A and Bin Subroutine EIAA 
Dimensions: A(NV,NV+l), B(NV+l,NV+l) where NV= number of variables 
a) No Covariance: 
A= [y'y] 
B = [' ' ' ~•~E..._R_R] error phase y'yE;' __ 
, - - ~y~RT-+E_RR l 
Btreatment+error phase= l,:'yER; - J 




( XI y) I J [ 
-1 
x'y (x'x) 
y ' y ~ (x'y)l ~.J 




B = ' treatment+error phase 
L 






-..... I ( d,) 
Y, y TRT+ERR a J 
........ 
..... 
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